Review of diffraction at HERA and Tevatron 
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We present and discuss the recent results on diffraction from the HERA and Tevatron experiments. 
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I. DIFFRACTION AT HERA 

At low X in deep inelastic scattering (DIS) at 
HERA, approximately 10 % of the events are of the 
type ep eXp, where the final state proton carries 
more than 95 % of the proton beam energy For 
these processes, a photon of virtuality Q^, coupled to 
the electron (or positron), undergoes a strong inter- 
action with the proton (or one of its low-mass excited 
states Y) to form a hadronic final state system X of 
mass Mx separated by a large rapidity gap (LRG) 
from the leading proton (see Fig. [J). These events 
are called diffractive. In such a reaction, ep eXp, 
no net quantum number is exchanged and the longitu- 
dinal momentum fraction l^xp is lost by the proton. 
Thus, the mongitudinal momentum xpP is transfered 
to the system X . In addition, the virtual photon cou- 
ples to a quark carrying a fraction f3 = XBj/xp of the 
exchanged momentum, where x bj is the Bjorken vari- 
able. Extensive measurements of diffractive DIS cross 
sections have been made by both the ZEUS and HI 
collaborations at HERA, using different experimental 
techniques . The results are presented in Fig. [2l 

Events with the diffractive topology can be anal- 
ysed in Regge models in terms of Pomeron trajectory 
exchanged between the proton and the virtual pho- 
ton. Then, these events result from a colour-singlet 
exchange between the diffractively dissociated virtual 
photon and the proton. Since this phenomenon is 
present even for high virtuality of the photon, it is 
called hard diffraction, at variance with soft diffrac- 
tive phenomena. Several theoretical formulations have 
been proposed. 

Among the most popular models, the one based on 
a pointlike structure of the Pomeron has been studied 
quantitatively using a non-perturbative input supple- 
mented by a perturbative QCD evolution equations 
In this formulation, it is assumed that the ex- 
changed object, the Pomeron, is a colour-singlet quasi- 
particle whose structure is probed in DIS process. 
As for standard DIS, diffractive parton distributions 
(PDFs) related to the Pomeron can be derived from 
QCD fits to diffractive cross sections [11 . Diffractive 
PDFs extracted from HI and ZEUS data are shown 
in Fig. [3] We notice the large uncertainty (of about 
25 %) at large values of (3 using different data sets [3|] . 

There exists a different approach in which the cross 
sections are determined by the interaction between 
colour dipole states describing the photon and the 
proton [J]. Indeed, it is well-known that the pho- 
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FIG. 1: Illustration of the process ep — > eXY . The 
hadronic final state is composed of two distinct systems 
X and Y, which are separated by the largest interval in 
rapidity between final state hadrons. 



ton can be analyzed in terms of qq configurations 
while it has been shown that the small- a; struc- 
ture functions of the proton can be described by a 
collection of primordial dipoles with subsequent per- 
turbative QCD evolution. This approach leads to a 
unified description of the proton total and diffractive 
structure functions and provides a natural explana- 
tion for the geometric scaling property observed on 
the data [EQ- In Fig- 4, diffractive cross sections. 
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are presented as a 



fonction of the scaling variable Td = Q /Qi, where 
is the saturation scale combining variables Q^, x 



and xp as defined in Ref. [H]- For each values of /3, 

the function /? — (r^) is then observed to be 

continuous : it defines what is called the geometrical 
scaling behaviour in this context 



II. DIFFRACTION AT TEVATRON AND LHC 

The difference between diffraction at HERA and at 
the Tevatron is that diffraction at the Tevatron can oc- 
cur not only on either p oi p side as at HERA, but also 
on both sides. The former case is called single diffrac- 
tion and the other one, double Pomeron exchange. 
In the same way as we have defined the kinematical 
variables xp and (3 at HERA, we define <^i,2 as the 
protons fractional momenta loses and /3i,2, the frac- 
tions of the Pomeron momentum carried by the in- 
teracting partons. The produced diffractive mass is 
equal to IvP = s^i for single diffractive events and 
to = s^i^2 for double Pomeron exchange, where 
is the energy of the reaction in the center of mass 
frame. The size of the rapidity gap is then of the order 
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FIG. 2: DifFractive structure function measurements of 
the HI and ZEUS collaborations at HERA. The ob- 
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FIG. 3: Singlet and gluon distributions of the Pomeron 
as a function oi z = (3, the fractional momentum of the 
Pomeron carried by the struck parton (see text) Q]. 



of Ar?~ log 1/6,2 tl','7^. 

It has been shown that the diffractive PDFs of 
HERA can not be used directly to make predictions 
at the Tevatron. Indeed, factorisation does not hold 
and a gap survival probability of a few % has to be 
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FIG. 4: The diffractive cross section /3 da'^nj'J*'^^ /dp from 
HI and ZEUS measurements, as a function of Td in bins of 
(3 for values in the range [5; 90] GeV^ and for xip < 0.01 
(see text) 0|. 



considered (see Fig. [5]). It corresponds to the proba- 
bility that there is no soft additional interaction or in 
other words that the event remains diffractive P, 0] . 

The CDF collaboration has measured the so-called 
dijet mass fraction (DMF) in dijet events when the 
antiproton is tagged in the roman pot detectors and 
when there is a rapidity gap on the proton side to en- 
sure that the event corresponds to a double Pomeron 
exchange. The measured observable Rjj is defined as 
the ratio of the mass carried by the two jets divided 
by the total diffractive mass [EEII- The DMF turns 
out to be a very appropriate observable for identifying 
the exclusive production, which would manifest itself 
as an excess of the events towards Rjj ~ 1 P, 0, [§] • 
Indeed, for exclusive events, the dijet mass is essen- 
tially equal to the mass of the central system because 
no Pomeron remnant is present. Then, for exclusive 
events, the DMF is 1 at generator level and can be 
smeared out towards lower values taking into account 
the detector resolutions. The advantage of the DMF 
is that one can focus on the shape of the distribution 
and let the absolute normalisation of the predictions 
as free parameters (in a first step). Indeed, the obser- 
vation of exclusive events does not rely on the over- 
all normalization which might be strongly dependent 
on the detector simulation and acceptance of the ro- 
man pot detector. Results are shown in Fig [6] with 
Monte-Carlo (MC) expectations. These MC predic- 
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FIG. 5: Comparison between the CDF measurement of 
diffractive structure function (black points) with the ex- 
pectation of the HERA diffractive PDFs. 



tions are displayed for inclusive double Pomeron ex- 
change events, where remnants are still present in the 
reaction and then Rjj is lower that unity, as well as 
for exclusive events in a specific model. More details 
are given on the models entering into these simula- 
tions in Ref. [J, [1]. We observe a good agreement 
when both contributions, inclusive and exclusive, are 
taken into account. A MC with inclusive simulation 
only is not sufficient to describe the present data, and 
shows a clear deficit of events towards high values of 
the DMF, where exclusive events are supposed to oc- 
cur. This part of the DMF is properly described by 
the exclusive contribution, once normalised to fit the 
histogram. It is a first evidence that exclusive events 
could contribute at the Tevatron [l|, Q . 

The great interest of studying such exclusive dijet 
events is that it opens the possibility to analyse the 
production of heavy objects in double Pomeron ex- 
change at the LHC [E 0, [1]. In particular, the pro- 
duction of a Higgs boson in such a topology could be 
quite interesting as the event would be very clean : 
both protons escape and are detected in Roman pots, 
two large rapidity gaps on both sides and the cen- 
tral production of the Higgs boson, leading to some 



decay products well isolated in the detector P, 0, [1] • 
The major advantage of such events is that the res- 
olution on the mass of the produced object can be 
determined with a high resolution from the measure- 
ment of the proton momentum loses, using the rela- 
tion = s£^iS_2- A potential signal, accessible in 
a mass distribution, is then not washed out by the 
lower resolution when using central detectors, rather 
than forward Roman pots to measure and ^2- 
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FIG. 6: Dijet mass fraction for jets pr > 10 GeV. The 
data are compared to the sum of inclusive and exclusive 
predictions. The dPDFs derived from HI data have been 
used together with the survival gap probability measured 
with single diffractive events at Tevatron. 



III. CONCLUSIONS 



We have presented and discussed the most recent 
results on inclusive diffraction from the HERA and 
Tevatron experiments. Of special interest for future 
prospects is the exclusive production heavy objects 
(including Higgs boson) which requires a good under- 
standing of diffractive processes and the link between 
electron-proton and hadronic colliders. 
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